Introduction {#S0001}
============

In recent years, many countries are facing an aging society as the proportion of people aged over 65 years is growing tremendously.[@CIT0001] The number of elderly cancer patients has also been growing simultaneously.[@CIT0002]

Renal cell carcinoma (RCC), a primary tumor of the kidney, predominantly occurs in the elderly (\>65 years), according to the Surveillance Epidemiology and End Results (SEER) Cancer Statistics Review.[@CIT0003] Nephrectomy is the standard of care for RCC with a proven survival benefit in localized disease.[@CIT0004] For advanced disease, the surgery helps control the symptoms with also the added value for survival.[@CIT0005],[@CIT0006] However, it is a major surgery which could result in multiple complications including blood loss, kidney injury, and even death.[@CIT0007],[@CIT0008]

Elderly patients usually have multiple comorbidities which further compromise the surgical outcome. In recent years, there are many studies on the short-term safety and long-term survival benefit of nephrectomy for RCC in the elderly. Some studies have suggested the higher risk of complications[@CIT0009] in the elderly than in the young, while others reported that the operation could be done safely in the elderly with low morbidity and mortality rate.[@CIT0007],[@CIT0010],[@CIT0011] Thus, the safety of nephrectomy in elderly patients remains controversial.

The aim of our research was to determine if age should be considered a relative contraindication to surgery for safety reasons.

Materials and methods {#S0002}
=====================

Study population {#S0002-S2001}
----------------

This was a retrospective cohort study which included RCC patients who underwent nephrectomy at Srinagarind Hospital, Khon Kaen University between 1 January 2007 and 31 December 2017. The inclusion criteria were age 18 years old or over, a diagnosis of RCC, and underwent partial or radical nephrectomy. The pathological review was done and patients with a diagnosis other than RCC were excluded.

Data collection and definition {#S0002-S2002}
------------------------------

Baseline clinical data, operative details, and perioperative complications were collected. Overall survival (OS) was defined as survival time from the date of RCC diagnosis to death from any cause. Preoperative functional status was assessed globally according to the American Society of Anesthesiologists (ASA) classification.[@CIT0012] Acute kidney injury was defined by the KDIGO guidelines as follows[@CIT0013] increase in serum creatinine by ≥0.3 mg/dL within 48 hrs, or increase in serum creatinine to ≥1.5 times baseline, or urine volume \<0.5 mL/kg/hour for six hours.

Surgical technique {#S0002-S2003}
------------------

The operation was either radical or partial nephrectomy. Radical nephrectomy was done with early control of the renal artery and vein. Lymphadenectomy was not a routine practice; it was done only if the surgeon suspected the involvement by either enlarged size in preoperative imaging or during surgery.

Statistical analysis {#S0002-S2004}
--------------------

Baseline and clinical characteristics were analyzed using descriptive statistics and presented as the median and interquartile range (IQR). Wilcoxon rank-sum test, Chi-square and Fisher's exact test were used. Survival analysis was performed using the Kaplan-Meier method and compared among groups using the log-rank test. For all statistical comparisons, a *p*-value of less than 0.05 was considered statistically significant. All data analysis was performed using STATA software (StataCorp LP, College Station, TX, USA).

Ethical consideration {#S0002-S2005}
---------------------

Ethical approval was provided by the Khon Kaen University Faculty of Medicine Ethics Committee as instituted by the Declaration of Helsinki (Number HE621159). The patient consent to review the medical record was not required by the committee due to the retrospective nature of the study. All the data was anonymized and maintained with confidentiality.

Results {#S0003}
=======

Patient characteristics {#S0003-S2001}
-----------------------

Of all 101 patients included, 27 patients were older than 65 years. The distribution of age at diagnosis is shown in [Figure 1](#F0001){ref-type="fig"}. Most of the patients presented at age 50--69 years old. The tumor size, metastasis, and histology did not differ significantly among the two groups.Figure 1Age at diagnosis.

The elderly group had a higher percentage of anemia and a lower body mass index compared to younger patients, with no significant difference, at 75% vs 53% and 22.0 vs 23.9 kg/m^2^, respectively ([Table 1](#T0001){ref-type="table"}). Only 4% of patients in the younger group were classified as ASA class III, while there was 18.5% in the older cohort. The comorbidities were significantly higher in older groups (chronic kidney and heart disease) and older patients had significantly lower baseline glomerular filtration rate (GFR) by Cockcroft-Gault formula[@CIT0014] at a median of 47.3 mL/min compared to 79.8 mL/min in the younger group.Table 1Baseline characteristics of 101 patients underwent nephrectomy for RCCAge \<65 (n=74)Age ≥65 (n=27)*p*-valueAge (y), median (range)54, (22--64)69, (65--86)\<0.001\*Male: female50:2418:90.93Left: right sided tumor36:3816:110.38BMI (kg/m^2^), median (IQR)23.9 (21.5--26.4)22.0 (19.1--24.2)0.06Anemia, n (%)35 (53.0)18 (75.0)0.06ASA class, n (%)0.003\* I17 (23.0)0 II46 (62.2)18 (66.7) III3 (4.0)5 (18.5) No available data8 (10.8)4 (14.8)Baseline GFR (mL/min), median (IQR)79.8 (61.1--94.8)47.3 (32.3--60.2)\<0.001\*Underlying disease, n (%) Hypertension24 (32.4)9 (33.3)0.93 Diabetes mellitus12 (16.2)6 (22.2)0.49 Chronic kidney disease18 (24.3)16 (59.3)0.001\* Heart disease2 (2.7)6 (22.2)0.004\*Histological type, n (%)1.00 Clear cell51 (78.5)17 (80.9) Papillary11 (16.9)4 (19.1) Chromophobe3 (4.6)0Pathological T stage, n (%)0.54 T132 (48.5)8 (36.4) T212 (18.2)6 (27.2) T319 (28.8)8 (36.4) T43 (4.5)0Tumor size (cm), median (IQR)6 (4.5--10.5)8 (4.5--10)0.61Metastasis, n (%)10 (13.5)2 (7.4)0.33[^1][^2]

Perioperative outcomes {#S0003-S2002}
----------------------

Ninety percent of patients in both groups underwent open surgery and almost all underwent radical nephrectomy. The median operative time was comparable between younger and older patients ([Table 2](#T0002){ref-type="table"}); 130 vs 140 mins, respectively and there was no significant difference of the median blood loss between the two groups. Older patients required significantly longer hospitalization than the younger group.Table 2Surgical outcomes after nephrectomyAge \<65 (n=74)Age ≥65 (n=27)*p*-valueProcedure, n (%)0.60 Open surgery69 (93.2)25 (92.6) Laparoscopic surgery5 (6.8)2 (7.4)Approach, n (%)0.46 Transabdominal52 (70.3)21 (77.8) Retroperitoneal22 (29.7)6 (22.2)Operative time (min)130 (100--180)140 (100--180)0.93Blood loss (ml)300 (150--1000)250 (120--1000)0.52Hospitalization (days)6 (5--8)8 (6--10)0.03\*Acute kidney injury, n (%)36 (48.6)14 (51.8)0.78Perioperative mortality within 90 days, n110.48Complications, n960.21 Organ injury4 Bleeding1 Gut obstruction2 Pneumonia2 Acute renal failure with dialysis1 Congestive heart failure1 Deep vein thrombosis1 Stroke1 Wound dehiscence1 Collection1[^3]

The overall complication rate in the older cohort was 22% compared to 12% in younger patients, with the details in [Table 2](#T0002){ref-type="table"}. Organ injury was the most common complication including colon, spleen, and pancreatic injury resulting in colon repair, splenectomy, and endoscopic retrograde cholangiopancreatography and stent, respectively. Postoperative major bleeding occurred in one case which required reoperation. There was no intraoperative mortality and no patient died within 30 days after surgery.

Follow up and survival time {#S0003-S2003}
---------------------------

The median follow-up time was 6.6 years and at the time of analysis, 39 (40.2%) patients had died. For M0 disease, older patients (≥65 years) were at higher risk for death compared to younger ones significantly; median survival of 5.0 years vs not reached, the hazard ratio (HR) 2.25; 95%CI 1.08--4.69, *p*-value=0.031 as shown in [Figure 2](#F0002){ref-type="fig"}. The survival rate is shown in [Table 3](#T0003){ref-type="table"}.Table 3The survival rate of patients with M0 diseaseSurvival rate (%)Age \<65Age ≥65Median survival (years)NR41.981-year91.784.03-year79.763.25-year75.445.910-year69.140.2[^4] Figure 2Kaplan-Meier survival curve (age≥65vs \<65) for non-metastatic RCC. (HR 2.25; 95% CI 1.08--4.69, *p*-value=0.031).

Twelve patients (10:2, young:old) underwent cytoreductive nephrectomy; the median survival was 1.8 (1.0--3.7) years. For the two patients who were older than 65 years old, the first patient died at 1 year while another one died at 1.9 years.

Discussion {#S0004}
==========

In the present study, we verified the perioperative complications and survival outcome after nephrectomy in elderly patients. The morbidity and mortality rate was low, and there was no 30-day postoperative death and a 90-day mortality rate was 3.7%.

The elderly had higher ASA grades, and more comorbidities especially heart and chronic kidney disease, which is consistent with other studies involving surgery in the elderly.[@CIT0011],[@CIT0015],[@CIT0016] However, there were no significant differences in perioperative outcomes apart from a longer hospital stay. Operative time, blood loss, and rate of acute kidney injury in elderly patients were comparable with those younger patients, consistent with earlier reports.[@CIT0007],[@CIT0010] Although the baseline GFR was worse in the older cohort, the rate of postoperative acute kidney injury was comparable. Nevertheless, for those older-old patients (≥80 years), Bensalah et al[@CIT0009] reported a higher risk for impaired renal function after surgery, which was consistent with the finding in our cohort.

As reported in other series, common complications were bleeding, organ injury, and infections. Operative time and blood loss were comparable to other studies[@CIT0008],[@CIT0010],[@CIT0011] and the morbidity rate was acceptable. Risk of overall complications increased with age and the hospital stay was longer in the elderly cohort, similar to other reported major surgeries cohort.[@CIT0017] It should be noted that not only the complication rate was higher in the elderly group, those who did have the complications tend to be more severe and complex; 6 events in 3 patients. The respiratory complications were found only in elderly patients, similar to other studies involving major surgery such as hepatectomy and cardiac surgery.[@CIT0015],[@CIT0017] This could be explained by the lower BMI in the elderly group and a higher risk for frailty and sarcopenia which led to reduced respiratory muscle activity, worse nutritional state, and less functional reserves.[@CIT0018],[@CIT0019]

Regarding the oncological outcome, the overall survival was significantly lower in elderly patients both in the localized and metastatic setting, in concordance with earlier studies.[@CIT0003],[@CIT0020] No significant difference in cancer-specific survival (CSS) in RCC between older and younger patients was observed in many studies,[@CIT0010],[@CIT0011] however, the CSS could be confounded by many factors especially in the retrospective setting and may not represent the real data, hence we did not compare the CSS between two groups.

Patients in the present series, even with small lesions, preferred to have the tumors removed, as a result, no patient was treated with active surveillance. Moreover, tumor ablation, another treatment option for small RCC,[@CIT0021] was not available in the center at that time, therefore almost all patients were treated with surgery if feasible. The difference between radical and partial nephrectomy was not addressed here because more than 90% of the operations were radical in nature. However, if the patients are candidates for nephron-sparing surgery, preoperative aspects and dimensions used for an anatomical (PADUA) classification of renal tumors would benefit in predicting surgical outcomes and should be incorporated in the assessment.[@CIT0022]

Conclusion {#S0005}
==========

In summary, nephrectomy in elderly patients is a safe and feasible procedure. Preoperative assessment along with diligent postoperative care may further increase OS in the elderly, although it is apparent from the results of this study that age alone cannot be regarded as a contraindication for nephrectomy in renal cell carcinoma.
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[^1]: **Note:** \*Statistically significant.

[^2]: **Abbreviations:** BMI, body mass index; IQR, interquartile range; ASA, American Society of Anesthesiologists; GFR, glomerular filtration rate.

[^3]: **Notes:** All values are median (IQR) or frequency (percentage). \*Statistically significant.

[^4]: **Abbreviation:** NR, not reached.
